Tillage erosion is one of the main causes of land degradation. The objective of the present study is to evaluate the effect of tillage systems (up and downslope and contour tillage), soil conditions (consolidated and loosened soils), tillage depth, speed and slope on tillage erosion rate. Field experiments of variable slopes (3 -16%) were established on sandy soil of Wadi El Ramala, west Mersa Matruh City. Soil translocation as affected by tillage systems and soil conditions were examined. In addition, soil losses by tillage erosion and water erosion were measured and evaluated.
INTRODUCTION
Tillage is one of the fundamental practices of soil management. It is the procedure by which man disturbs, overturns and rearranges the soil to create favorable soil physical conditions for seedbed preparation. The objectives of tilling include changing soil bulk density, and modifying pore-size distribution, water holding capacity, infiltration rate, penetration resistance and soil aeration. Each soil type or cropping system responds differently to tillage. Tillage is important in soil erodibility, Although the direct movement of soil by tillage is usually ignored (Govers et al 1999) .
Under rainfed agriculture, tillage activities are believed to move relatively more soil downward during downslope tillage than upward during upslope tillage, which leads to an overall net downslope translocation. As such, tillage redistributes soil in hilly regions, causing spatial variability in soil quality (Dercon et al 2003) . This redistribution is affected by both soil characteristics and tillage operation properties. The slope gradient, due to the gravity driven nature of the process, is especially known to have a major influence. Furthermore, implement characteristics and speed direction, and depth of tillage have an effect on the rate of soil translocation. The terms tillage erosion and tillage translocation are often used intermittently (Lindstrom et al 1990) .
Various definitions for tillage erosion are given in literature. Tillage erosion is the redistribution of soil within a landscape caused directly by tillage
(Govers et al 1999). (Van Muysen et al 2000)
defined tillage translocation as the movement of soil due to tillage in general and tillage erosion is considered when tillage translocation in direction is larger than tillage translocation in the opposite direction and thus a net tillage translocation occurs. ment of soil downslope through the action of mechanical implements". Meanwhile, use the definition " net downslope translocation of soil material by tillage". However (Lobb et al 1995) provide a broad definition: "the loss and accumulation of soil resulting from the variable translocation of soil by tillage". Consequently, both components of the erosion process, i.e., the erosion of soil material at specific landscape positions (tillage erosion) as well as the subsequent deposition of this eroded material at other positions (tillage deposition), are explicitly denoted.
Marques da Silva et al (2004) showed that soil translocation by tillage is strongly affected by slope gradient. This relationship between soil translocation and slope gradient has been observed under various agri-environmental conditions. The variation of soil translocation with slope results in tillage erosion.
It has long been recognized that tillage operations cause the translocation of substantial quantities of soil (Lindstrom et al 1990 Govers et al (1994) found that the highest translocation rates occurred on the steepest slopes, decreasing gradually when moving to less steep slopes. They added that the largest part of soil translocation was moreover caused by primary operations such as chisel-and moldboard tillages.
However, according to Lindstrom et al (2001) , an important amount of soil is moved by secondary operations (harrowing and seeding) as well.
Using sweeps, the effect of tillage speed on tillage translocation in the direction of the tillage has been investigated by Sharifat and Kushwaha (1997). They noted that higher tillage speeds resulted in larger lateral displacement distances. Lobb et al (1999) investigated the effect of tillage depth and tractor speed on tillage translocation. Although their results suggested that these effects were significant, the identified relationships were neither consistently nor strong. They attributed this to the confounding role of other factors, such as the tractor-implement match and the responsiveness of the tillage operator.
Most methods estimated the tillage translocation rate based on experimentally determined soil movement due to tillage. One of them is the tracer method, which is accurate and most widespread, even though it is very timely-demanding (Lobb et al 2001). The technique basically consists of incorporating a tracer in the soil and comparing its distribution before and after tillage. The use of individually labeled objects as point tracers has the advantage of characterizing the complexity of soil redistribution, since the movement of every tracer can be measured.
Information on the effects of tillage system, soil condition, tillage speed and tillage depth on soil erosion by tillage is a prerequisite for allowing erosion rates to be predicted and to reduce tillage erosion. Therefore, the main objective of this investigation was to study the effects of tillage systems, initial soil condition, tillage speed, tillage depth, and slope gradient at the moment of tillage, on the soil translocation and tillage erosion rate.
MATERIALS AND METHODS

Study area
Wadi EL-Ramla area was selected to carry out the experiment. It is located south-west Mersa Matruh City. A detailed contour map of the study area was constructed using an automatic theodolite (Fig. 1) . Soil of Wadi EL-Ramla is mainly sandy loam in texture. The plow layer was compacted with mean soil bulk density 1.45 g/cm 3 . Surface and subsurface soil samples (0-20 cm, 20-40 cm) were collected to describe the soil properties. Such soil properties are given in Table (1) . 
Experimental setup
Two sets on the hillslope were selected to carry out the experiments. The treatments included; two tillage systems (up-downslope tillage and contour tillage) in addition to two soil conditions (consolidated soil and loosened soil).
The treatments were as follows
1-Chisel tillage of a consolidated soil under natural vegetation (first pass), contour tillage (T1). 2-Chisel tillage of a loosened soil (second pass), contour tillage (T2). 3-Chisel tillage of a consolidated soil under natural vegetation (first pass), up and downslope tillage (T3). 4-Chisel tillage of a loosened soil (second pass), up and downslope tillage (T4).
Tillage speed was estimated during the experiment by measuring the time needed for the tractor to travel 10 m across the strip. Tillage depth was estimated as the average difference in elevation between the bottom of the plow layer, as recorded after excavation of the tracers, and the elevation of the soil surface in the same location, as derived from the detailed digital elevation model.
The first set (A) refers to a situation where the consolidated soil is taken back into cultivation after a long fallow period. In this treatment, eight slope profiles (A1-A8) were selected, the first six slope profiles for up and downslope tillage and the last two slope profiles for contour tillage Fig. (2) . The second set (B) was tilled once in the up and downslope directions with a duck-foot chisel plow two days before the actual experiment in order to obtain a freshly loosened soil. For this treatment, four profiles (B1-B4) were delineated, the first two slope profiles were for up and downslope tillages and the last two slope profiles for contour tillage, Fig. (3) . All strips were perpendicular to the tillage direction. For each strip, slope gradient, tillage depth and tractor speed were recorded. On each profile, 5 to 10 strip plots perpendicular to the tillage direction and on varying slope gradients, were established. Positioning of the strip plots on the different profiles ensured that half of the strip plots were tilled in the upslope direction and the other half in the downslope direction. For the consolidated soil treatment, 70 strip plots (ca. 1 m wide) on varying slope gradients were established (with an average of 40 tracers per strip) and 30 strip plots for the loosened treatment (with an average of 45 tracers per strip). 
Soil movement measurements
To study soil movement, painted aluminum cubes with a side length of 15 mm were used as tracers because their density (2635 kg/m -3 is similar to that of quartz (2650 kg/m -3 ) . To insert the tracers for a consolidated treatment, the hole drilling technique as described by (Govers et al 1994) was used. On each strip, a series of 10 holes, with a diameter of approximately 2 cm were drilled at intervals of approximately 10 cm. In principle, the holes were drilled 20 cm deep, but this was sometimes not possible due to the shallow soil depth, particularly upslope. A tracer was then inserted in the hole and its location was precisely recorded using an automatic theodolite. Next, the hole was filled with a known quantity of fine sand over a depth of approximately 5 cm. Another tracer was then inserted and its position was recorded. This procedure was repeated until the hole was completely filled. The number of tracers that could be placed in each hole varied between four and five due to the variation in depth of the hole. The loose condition of the soil of a freshly tilled, (second pass) prohibited drilling of holes. Therefore, a technique similar to the one used by (Poesen et al 1997) was used. On each strip, a narrow trench was dug approximately 25 cm wide, 1.2 m long and 25 cm deep. On the bottom of the trench, a series of tracers were deposited at intervals of approximately 10 cm and their individual position was recorded. The tracers were then covered with approximately 5 cm of soil. A new set of tracers was placed on top and their position was recorded as described above. This procedure was repeated until the trench was filled. Both procedures resulted in a good vertical distribution of the tracers throughout the plow layer Fig. (4) . Both treatments were tilled using a Russian tractor pulling a duck-foot chisel (width about = 1.5 m, 3 tines in front, followed by a row of 4 tines, width of the duck-foot about = 0.22 m. After one tillage, the tracers were dug out and their positions were recorded again with an automatic theodolite. At each site, the recovery rate of the tracers was in excess of 88%. Individual horizontal displacement distances of the tracers were calculated. For contour tillage, the displacement distances were measured in the direction of the slope while for up-and downslope tillages, the displacement distances were measured in the direction of tillage, and these data were used in further analyses.
Tillage erosion intensity
The most common way to analyze tillage erosion experimental data, is by plotting the relationship between the mean displacement distance of the tracer in the tillage direction and the slope gradient in the direction of tillage, whereby the slope gradient is taken negative for downslope (when tracers moved downslope) and positive for upslope (Lindstrom et al 1990) . If the relationship between the displacement distance and the slope gradient is linear, and tillage depth is constant, (K) can be estimated as:
Where: The unit transport rate Q (kg.m −1 ) causing tillage erosion is then calculated as:
Where: S = slope gradient (%).
The relationship between displacement distance and slope gradient is not always linear: it may be different for (very) steep slopes .
However, the following more-general analysis is tried to yield relations between effective variables, as suggested by (Awady. 2017).
Where: For a given topography, they can easily be calculated by calculating the difference between the amount of soil, leaving a specific slope element of unit width and the amount of soil entering the element, expressed as:
Where:
EX = the tillage erosion rate at position "x" along a hillslope profile (kg.ha -1 ).
Qs, out and Qs, in = the net unit soil transport rate in the tillage direction along a hillslope profile that is respectively, leaving or entering the considered slope element (kg.m -1 per tillage operation). Muysen et al 2000) , the mean displacement distance of the tracers in the direction of tillage under the prevailing conditions in the North West Coastal zone in Egypt was calculated according to the empirical model by (Van Muysen et al 2000) . The obtained values (Δxpredd) were compared with the measured data obtained in the present experiments. C= the soil condition factor was by convention taken to be 2 for the consolidated treatment and C = 1 for the loosened treatment.
Δx = the horizontal distance between each consecutive specific slope element (m)
Mean displacement distance of the tracers in the direction of tillage predicted
In order to validate the empirical model by (Van
The use of equation (6) allows one to predict variations in displacement distances for slope gradients up to 0.25 m m -l .
Measuring soil losses by water erosion
Five bounded plots having edges of soil with approximately 20 cm height were used to determine soil loss, associated with runoff. Each plot was 10 m long and 2 m wide. At the down slope end, metal gutters were placed, 0.5 m long and 0.2 m wide, closed at the sides and covered with movable lid. An outlet pipe extended from the base of the gutter to the collection containers present below the soil surface.
The amount of soil loss and runoff water for every rainstorm was determined by maintaining the containers undisturbed for a sufficient time so that the solid constituents in the runoff water will precipitate. The precipitated solids were collected and measured gravimetrically after drying at the 105 o C overnight.
RESULTS AND DISCUSSION
The field experiments were conducted in two successive winter seasons 2014-2015 and 2015-2016 , at Wadi El-Ramla area, Mersa Matruh Governorate. Some physical and chemical properties of the soil experimental site are given in Table ( 2). It is clear that the soil is sandy loam in texture, CaCO3 content varies between 9.73 to 11.22%, and the average bulk density is approximately 1.45 g.cm -3 . Table ( 2) shows that the soil is non-salt affected. The values of soil organic matter, total nitrogen, available phosphorus, and available potassium are very low. 
Relationship between slope gradient, soil condition and soil translocation
The relationship between the mean displacement distances and the slope gradient for two soil conditions is shown in (Fig. 6) . The slope is taken negatively when tracers moved downslope (Poesen et al 1997) . The obtained results (show that for the consolidated and loosened treatments, the mean displacement distance of soil after one tillage pass is related to slope gradient. These relationships can be described by linear regression equations as follows: Values for the tillage transport coefficient "K" can then be calculated from equation (1) by using equations 5, 6, 7 and 8 in combination with the data for the bulk density and average tillage depth (Table 1) . Resulting "K" values are 256 kg m -l per tillage operation for consolidated soil up and downslope tillage treatment, 454 kg m -1 for loosened soil up and downslope tillage treatment, 105 kg m -1 for consolidated soil contour tillage treatment and 179 kg m -1 for loosened soil contour tillage treatment, this implies that tillage erosion rates are much greater for a loosened soil than for a consolidated soil. At the same time, tillage erosion rates are much greater for up and downslope tillage than for contour tillage. These values are in the same order of magnitude as those reported in (Poesen et al 1997) .
Effect of chisel tillage and soil condition on soil losses by water erosion
The most important hazard resulting from water erosion is the removal of the soil from surface. It is known that detachment of soil particles occurs due to rainfall drops and transport process of water erosion occur by runoff. The influence of the applied tillage treatments on the amount of soil loss under natural rainfall intensities is given in (Fig. 7) . The highest rate of water erosion resulted from bare soil, at 5.016 ton / ha/year. This rate lies within the permissible limit of soil loss by water erosion, which ranges from 1 to 5 tons / acre/year (Flanagan et al 2007).
With respect to planting consolidated soil with chisel tillage up and downslope, such method reduced the amount of water erosion by 45.6% relative to bare soil. This behavior could be attributed to the fact that plants protect the soil surface from the energy of rainfall impact. Thereby soil detachment decreased.
Using contour tillage (Fig. 7) , for consolidated soil reduced water erosions by 73.7%, 51.7 % and 47.6 % as compared with the bare soil. The tillage for consolidated soil in up and downslopes and the tillage for loosened soil in contour tillage, respectively, (Fig. 7) , also revealed that tillage for loosened soil in contour tillage reduced water erosions by 76.3%, 56.3% and 52.6 % as compared with bare soil, the tillage for consolidated soil in up and downslopes and the tillage for loosened soil in up and downslopes, respectively. Contour tillage also creates obstruction to water flow over the land, slowing down the runoff velocity, and consequently its carrying capacity thus reducing water erosion.
The data presented in (Fig. 7) . reveal that the relative effectiveness of tillage treatments on reducing the rate of soil erosion by water under the conditions of Wadi El-Ramla soils could be arranged in the following descending order: up and downslope tillage for consolidated soil < up and downslope tillage for loosened soil < contour tillage for consolidated soil < contour tillage for loosened soil. 
Tillage erosion rates
Based on equation (3), tillage erosion rates of both soil conditions have been calculated for the hill slope profile at the experimental site as given in Fig. (8). Fig. 8 shows the estimated soil losses as affected by tillage along the studied profiles for a single up-and downslope tillage operations. In case of consolidated soil, maximum local erosion rates was 2. translocation by tillage will result in soil loss on convex slope positions such as crests and shoulder slopes, because there is an increase in slope gradient. Thus increases soil translocation rate. Conversely, soil deposition will take place in concave slope positions.
Mean displacement distance of the tracers in the direction of tillage prediction
Van Muysen et al (2000) model used tillage depth, tillage speed, soil conditions and slope gradient in this study as it provided detailed data for individual points. Fig. (8) shows the relationship between the predicted displacement distances (d pred) calculated using equation (6) 
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Relationship between initial tracer depth and tracer displacement distances Fig. (9) clearly shows that a negative relationship exists between soil displacement distances and tillage depth. As increasing tillage depths result in lower mean soil displacement distances. This can be explained as follows: the tracers (and soil) at or near the surface move over relatively large distances, no matter what the tillage depth. This is because their movement is not hampered by the normal stresses exerted by the overlaying soil mass. At greater depth, the displacement distances are relatively smaller, as the soil movement is limited by more important normal stresses. The results indicated that there is a negative relationship between displacement distance and initial tracer depth.
CONCLUSIONS
From the above mentioned discussion, it is clear that tillage erosion under NW Coast is affected by tillage system, soil condition, slope gradient, tillage depth and tillage speed. The values for tillage transport coefficient "K" was 105 kg m The values for tillage transport coefficient "k" reveal that the relative effectiveness of tillage treatments on reducing the rate of tillage erosion under the conditions of Wadi El-Ramla soils could be arranged in the following descending order: up and downslope tillage for loosened soil < up and downslope tillage for consolidated soil < contour tillage for loosened soil < contour tillage for consolidated soil. At the same time, soil erosion rates due to tillage are much greater for up and downslope tillage than for contour tillage, Where up and downslope chisel tillage is erosive, leading to annual tillage erosion rates exceeding 7 Mg ha -1 locally.
Considering the widespread use of tillage practices in the steep agriculture, the high redistribution rates associated with the process and its direct effect on soil properties is vital and necessary to mitigate land degradation studies.
